We have determined the nucleotide sequence of part of a cloned ribosomal transcription unit from Xenopus laevis extending from the 3' region of the 18S gene through the 18S-28S intergene region into the start of the 28S gene.
The beginning of the 28S was identified by experiments which will be described.
Features of interest were found both in the gene and spacer parts of the sequence. We therefore provide an integrated description of this overall region of the transcription unit.
We also compare our findings with those reported for yeast (2, 3) and E.coli (4) .
METHODS
rDNA clones pXlrlOl was a gift from R. Reeder. It consists of a complete rDNA unit bounded by Hind III sites (figure 1), cloned in the vector pMB9.
This plasmid, as pointed out previously (5) , enables any sequencing objective to be approached using the rDNA of a single transcription unit.
A subclone from this plasmid has been used for sequencing the 5' region of the 18S gene (5) . The plasmid has also been used for transcription studies (6) . To facilitate the present analysis the regions between the 18S Eco RI site and the Bam HI site in ITS 2, and between this Bam site and the Bam site in the 28S gene (figure 1), were separately subcloned into pBR322 (subclones pXlrlOlL and 101M respectively). For some of the rRNA hybridization experiments two homologous subclones, derived from an independent "parent" clone, pXlrll, were used:-subclones pXlrllL and 11M respectively (see figure 1 of ref. 7 for derivation of these latter subclones).
Sequence analysis
This was carried out by the method of Maxam and Gilbert (8, 9) with thin gels for electrophoresis (10) . The sequencing strategy is outlined in figure 1 . The sequences of some of the longer restriction fragments were read for up to 230 nucleotides.
rRNA hybridization and fingerprinting analysis
This was carried out as described (5) .
RESULTS
The DNA sequence
The sequence is shown in figure 2 . The restriction map of Boseley et al.
(1), though derived from a different rDNA clone to that used here, was of assistance during the analysis.
In addition the enzymes Taq 1 and Sau 3A1 were used. The latter was employed in particular to aid the analysis near the 3' end of the 18S gene, where the known rRNA sequence, GAUCAUUA^,,, (11) predicted a Sau 3A site, GATC, in the DNA. OH The sequence was determined throughout on both strands except for two
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ITS 2 (Non-transcribed spacers of different repeating units differ from each other in numbers of Bam HI sites; NTS of pXlr 101 possesses two such sites).
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Lower section: sequencing strategy for 18S-28S intergene region.
pXlr 101L (see methods section) was used to sequence up to Bam HI site in ITS 2.
pXlr 101M was used for continuation into 28S gene.
To sequence through the Bam site in ITS 2, a 420 bp Hinf I fragment from the parent plasmid pXlr 101 was used. Map shows all restriction sites for Alu I, Ava I, Hae II, Hha I, Hinf I, Sau 3A I and Taq I.
For Hae III and Hpa II only those sites that were used are shown.
(Hae III and Hpa II sites are very numerous; Ref.l). Starts of arrows indicate kinase-labelled 5' ends.
Tips of arrows indicate points to which sequencing gels were read.
Arrows are numbered sequentially along the two DNA strands.
Preparation of restriction fragments for sequence analysis was by standard procedures. In most experiments rDNA was excised from the respective plasmid and was further restricted as necessary; the fragments were then labelled and finally restricted asymetrically for sequencing.
In a few experiments strand separation was carried out (e.g. gels 3 and 26 from Hha I fragment).
In one experiment, two Ava I 140 bp fragments initially comigrated but, after labelling, three of the four strands were successfully purified on a strand separation gel:-sequencing gels 6, 11 and 18.
Finally, in two experiments use was made of restriction sites in both rDNA and the vector to obtain a suitable labelled fragment:-gels 12 and 27. Sequence of X.laevis XlrlOl rDNA from centre of Eco RI site in 18S gene to first Hae II site in 28S gene.
Boxed regions denote 18S, 5.8S and 28S coding regions.
5.8S rRNA shows 5 1 terminal heterogeneity (15) .
Sequence shown is the "s" strand (synonymous to RNA). In ITS 1 secondary structure effects persistently interfered with gel readings in three regions on the "s" strand (horizontal line above sequence) and on the "c" strand (horizontal line below sequence).
Serrated lines indicate runs of ten or more consecutive C residues or G residues or runs of more than ten A and G residues. (i) The 5' terminal oligonucleotide of 28S rRNA was identified by fingerprinting analysis. 28S rRNA was hybridized to pXlrllM (which contain a homologous rDNA segment to pXlrlOlM, used for sequencing).
The hybridized RNA was eluted and a Tl ribonuclease fingerprint was prepared.
General procedures for these steps have been described (5).
All uridine-containing products were screened for pUp by alkaline hydrolysis. One such product was found, and analysis with pancreatic ribonuclease established the sequence as pUCAG. Table 1 . Base composition of gene and spacer segments through the 18S -28S intergene region.
(5.8S data calculated for maximum sequence length). A final point concerns the presence of genes coding for tRNAs in ribosomal transcription units of prokaryotes and mitochondria (28, 29) .
We are unable to find any sequences consistent with a tRNA gene (with or without an intervening sequence) in either ITS 1 or ITS 2 using the criteria of conserved nucleotides (especially GTTC) combined with cloverleaf secondary structure.
